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TAPERED RETAINING RING TO REDUCE
BEARING RACE MOVEMENT

BACKGROUND OF THE

INVENTION

The present disclosure 1s related to shaft assemblies having,
components mounted on a shaft and movable along the axis of
the shaft. More specifically, the present disclosure 1s related to
a shaft assembly having components mounted on the shatt
that support radial and axial loads, the shaft configured so that
the axial loads are transierred to the shaft.

Tapered retaining rings are used to remove axial endplay of
components mounted on a shaft through an external ring.
Tapered internal rings may be used 1nside a bore to reduce the
endplay of components within the bore. Endplay refers to the
movement of components mounted on a shaft or 1n a bore.
Such movement occurs when the axial lengths of the compo-
nents vary within a tolerance band. The stack-up of the toler-
ances results 1n a difference between the length of the stacked
components and the distance between retainers used to hold
the stacked components together. Such a difference results in
unwanted movement of one or more of the components par-
allel to the longitudinal axis of the shaift or bore.

A shaft assembly within a transmission, for example,
includes multiple components such as gears, clutches, and
bearings. The components are mounted on the shaft and may
have some freedom of movement along the shaft. An axial
load 1s a load having a component parallel to the axis of the
shaft. An axial load on one or more of the components tends
to cause adjacent components to immpart a force on one
another. When endplay 1s present, the axial load may cause
movement 1n the adjacent components, such as bearings, for
example. Vanation in the endplay of a bearing may tend to
reduce the life of the bearing through excess load and heat.

SUMMARY OF THE INVENTION

The present application discloses one or more of the fea-
tures recited 1n the appended claims and/or the following
features which, alone or 1n any combination, may comprise
patentable subject matter:

An assembly comprises a shait, a first component sup-
ported on the shaft, a second component supported on the
shaft, and an 1solator positioned between the first and second
components. The shait defines a longitudinal axis and {first
and second ends. The second component 1s configured such
that the second component induces a force in the assembly.
The force imnduced in the assembly includes a component
acting 1n a direction parallel to the axis of the shait. The
1solator 1s configured such that the force acting parallel to the
axis of the shait 1s transferred to the shaft.

In some embodiments, the shait may define a groove hav-
ing a first surface generally perpendicular to the longitudinal
axis of the shaft. The groove may also include a second
tapered surface opposing the first surface and oblique to the
ax1s of the shatt such that the first and second surfaces form a
tapered groove. In some embodiments, the 1solator 1s remov-
ably engaged with the groove. The 1solator may include a first
face surface engaged with the first surface of the groove. The
1solator may also include a second surface opposite the first
surface. The second surface may be configured to engage a
portion of the first component. The 1solator may also include
a tapered surface adjacent the second surface of the 1solator,
the tapered surface configured to engage the tapered surface
of the groove.

The 1solator may be biased such that the tapered surface of
the 1solator 1s urged against the tapered surface of the groove
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to fully seat the 1solator 1n the groove. In some embodiments,
the first component comprises a tapered roller bearing and the

1solator positions the tapered roller bearing on the shait. In
some embodiments, the 1solator comprises a tapered retain-
Ing ring.

In some embodiments, the second component is selectively
lockable to the shaft such that the second component transi-
tions between first and second states. In a first state the second
component rotates about the shaft. In a second state the sec-
ond component 1s locked to the shaft and rotates with the
shaft. In some embodiments, the second component com-
prises a helical gear. The helical gear may develop a thrust
force parallel to the longitudinal axis of the shatt.

Also, an assembly comprises a housing, a shaft including a
longitudinal axis and first and second ends. The shaft may
define a tapered groove. A first bearing supports the first end
ol the shait on the housing and a second bearing supports the
second end of the shait on the housing. A helical gear 1s
supported on the shaft. The helical gear 1s selectively lockable
to the shaft. The helical gear transitions between a first state
wherein the helical gear rotates about the shait and a second
state wherein the helical gear 1s locked to the shaft and rotates
with the shaft. An 1solator 1s positioned 1n the tapered groove
in the shait and positioned between the first bearing and the
helical gear such that a thrust force developed by the helical
gear 1s transferred directly to the shatt.

In some embodiments, the 1solator comprises a tapered
retaining ring. The retaining ring may include a tapered sur-
face configured to engage a tapered surface of the groove 1n
the shait and the retaining ring 1s biased to urge the tapered
surfaces together to seat the retaiming ring 1n the groove. The
tapered groove may define a first surface generally perpen-
dicular to the longitudinal axis of the shaft and a second
tapered surface opposing the first surface, the second tapered
surface formed oblique to the longitudinal axis of the shaft.

The first surface of the groove may be positioned such that
when the 1solator 1s seated 1n the groove, the first bearing 1s
positioned on the shait such that the spacing between an inner
race and an outer race of the first bearing 1s within the design
limits of the bearing. In other embodiments, the 1solator may
include a tapered surface configured to engage a tapered
surface of the groove. When the 1solator includes the tapered
surface, the 1solator may be biased to urge the 1solator 1nto the
groove to fully seat the 1solator 1n the groove.

Additional teatures, which alone or in combination with
any other feature(s), including those listed above and those
listed 1n the claims, may comprise patentable subject matter
and will become apparent to those skilled in the art upon
consideration of the following detailed description of 1llus-
trative embodiments exemplifying the best mode of carrying
out the 1nvention as presently percerved.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description particularly refers to the accom-
panying figures i which:

FIG. 1 1s an elevation view of a shait assembly according to
the present disclosure;

FIG. 2 15 a cross-sectional view of the shaft assembly of
FIG. 1, the shaft assembly positioned 1n a housing of an
automatic transmission;

FIG. 3 15 a perspective view of the shaft assembly of FIG.
1

FIG. 4 1s an enlarged view of a portion of the cross-section
of FIG. 2;

FIG. 5 15 a still further enlarged view of a portion of the
cross-section of FIG. 2;
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FIG. 6 1s an elevation view of an 1solator used 1n the shaft
assembly of FIG. 1; and

FI1@G. 7 1s a cross-section view of the 1solator of FIG. 6 taken
along lines 7-7.

DETAILED DESCRIPTION OF THE DRAWINGS

A shait assembly 12 shown 1n FIG. 1 1s illustratively con-
figured to be supported 1n a housing 26 (seen 1n FIG. 2). The
shaft assembly 12 includes, for example, two tapered roller
bearings 14 and 16 engaged with the housing 26 to support a
shaft 22 of the shaft assembly 12 for rotation about a longi-
tudinal axis 24 relative to the housing. The bearings 14 and 16
cach include outer races 18 and 20 respectively which are
illustratively press fit into the housing 26 as shown 1in the
cross-sectional view shown 1n FIG. 2. Illustratively, the shaft
assembly 12 may be used 1n a multi-stage automatic trans-
mission, for example.

Referring again to FIG. 1, a first component 28, illustra-
tively embodied as a helical gear, 1s supported on the shaft 22.
The helical gear 28 1s coupled to a clutch assembly 30 which
1s operable to transition between a first state 1n which the gear
28 1s free to rotate about the shaft 22 and a second state 1n
which the gear 28 1s locked to the shaft 22 to rotate with the
shaft 22 about an axis 24 of the shait 22. A second component
32, illustratively embodied as another helical gear, 1s coupled
to a second clutch assembly 34. The clutch assembly 34 1s
operable to transition between a first state in which the gear 32
1s iree to rotate about the shait 22 and a second state 1n which
the gear 32 1s locked to the shatt 22 and rotates with the shaft
22 about the axis 24. Yet another component 36 embodied as
a helical gear 1s coupled to the shaft 22 and rotates with the
shaft 22 about the axis 24. The gear 36 includes a plurality of
internal splines 38 which are received on external splines 40
on the shaft 22 to transfer rotation of the shait 22 to the gear
36.

Gear 28 has a number of helical teeth 42 which are config-
ured to mesh with mating teeth of a complementary gear (not
shown) to transier rotation between the gear 28 and the
complementary gear. For example, in some embodiments the
gear 36 may recerve torque from a complementary compo-
nent. Because gear 36 1s fixed to shait 22, the torque 1s thereby
transierred through gear 36 to shatt 22. Activation of clutch
assembly 30 results 1n gear 28 being locked to shatt 22 such
that torque 1s transierred from the shaft 22 to the gear 28. In
the illustrative embodiment, gear 28 has a diameter that 1s
greater than the diameter of the gear 36. Rotation of gear 36
having a smaller diameter than the larger gear 28 results 1n a
lower output speed at the teeth of gear 28.

Similarly, gear 32 also has helical teeth 44 and gear 36 has
teeth 46. In the illustrative embodiment, activation of clutch
34 results 1n rotation being transierred from shait 22 to gear
32. Gear 32 has a larger diameter than gear 28. The larger
diameter of gear 32 results 1n an even lower output speed at
the teeth 44 when gear 32 1s driven by gear 36. Thus, shaft
assembly 12 may be used 1n an automatic transmission to
transier between a low range output when clutch 34 1s acti-
vated and a high range output when clutch 30 1s activated.

It 1s known that the use of helical gear teeth, such as the
teeth 42,44, and 46 of gears 28, 32, and 36 respectively results
in reduced noise due to reduced impact as compared to a
traditional straight-toothed spur gear. However, the helical
aspect of the teeth 42, 44, and 46 results in a load being
induced 1n the gears 1n a direction parallel to the axis of
rotation of the gears 28, 32, and 36. In the illustrative embodi-
ment, the axis of rotation of the gears 28, 32 and 36 1s coin-
cident with the axis 24 of the shait 22. The transfer of torque
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between the gears 28, 32, and 36 and complementary gears
induces a force 48 to the teeth of the gears 28, 32 and 36
having a first force component 50 perpendicular to the axis 24
and a second force component 52 parallel to the axis 24 as
illustrated 1 FIG. 3. The second force component 52 1s an
incidental force that 1s a result of the use of a helical gear tooth
profile.

It should be understood that the magnitude of the incidental
force component 52 will vary depending on the amount of
torque being transierred and the angle of the helical teeth,
among other things. The force perpendicular to shaft 22 is
transierred through the shait assembly 12 as torque 1s trans-
terred. The incidental force component, referred to hereinat-
ter as a thrust load, must be reacted by components along the
length of the shaft assembly 12. In other words, the thrust
force 52 1s transterred through the components supported on
the shait 22 until a reaction 1s supported 1n the assembly. In
some situations, the thrust load has been born by tapered
roller bearings positioned at either end of a shait assembly.
Tapered roller bearings are configured to support both a thrust
load as well as Suppor‘[mg a shaft for rotation. The selection of
the appropriate size of tapered roller bearing i1s partially
dependent upon the magnitude of the thrust load applied to
the bearing. Excessive thrust load applied to the bearing
induces losses 1n the assembly by increasing the normal load
on the bearing components, thereby increasing the friction
forces 1n the bearing. For example, 1f an inner race 56 of
bearing 14 1s movable on the shait 22, endplay will be reduced
and loads on the bearing 14 may increase. The losses are
typically converted to heat which reduces the life of the bear-
ing and the efficiency of the assembly.

In the illustrative embodiment, the thrust load 52 1s not
applied to the thrust bearings 14 and 16. The thrust load 52 1s
reacted to the shait 22 by the use of an 1solator 54, illustra-
tively embodied as a retaining ring 54 secured to the shatt 22
and positioned to transfer the thrust load 52 directly to the
shaft 22. While in the illustrative embodiment a retaining ring
1s used as an 1solator, those of ordinary skill in the art will
readily recognize that various components may be employed
as the 1solator within the scope and spirit of this disclosure.
For example, a circlip, a snap-ring, an e-ring, a radial grip
ring, a crescent ring, a clipring or other similar product may
form at least a portion of an 1solator within the scope of this
disclosure as described in more detail below.

Referring now to FIG. 4, the use of the retaining ring 54 1s
shown with respect to gear 28. As shown 1in FIG. 4, gear 28 1s
supported on a plurality of needle bearings 60 for rotation
with respect to the shaft 22. The tapered roller bearing 14 1s
positioned with the outer race 18 engaged with the housing
26. A plurality of rollers 38 1s positioned between the outer
race 18 and an 1nner race 56 so that the races 18 and 56 may
move relative to one another. The 1solator, illustratively
embodied as the retaining ring 34 1s positioned adjacent the
iner race 36 and 1s secured to the shaft 22 by engaging a
groove 64 formed in the shaft 22. A thrust washer 62 1is
interposed between the retaining ring 54 and the gear 28 such
that when the gear 28 rotates relative to the shait 22, the thrust
washer 62 acts as a bearing between the gear 28 and the
retaining ring 54. When the gear 28 1s locked to the shaft 22 by
the clutch 30, there 1s little or no rotation of the gear 28
relative to the retaining ring 54 because both the gear 28 and
retaining ring 54 moves with the shait 22 as the shait 22
rotates.

The spacing between the inner race 536 and outer race 18 of
bearing 14 1s controlled so that the operation of the bearing 14
1s optimized. As shown 1n FIG. 35, groove 64 1s positioned so
that the retaining ring 34 engages the inner race 56 to control
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the position of the inner race 56 on the shaft 22. The retaining,
ring 54 1s also positioned such that the thrust load 52 1s
received by the retaining ring 34 and not transierred directly
to the inner race 56. This permits an appropriate endplay
spacing between the races 56 and 18 to be maintained as
designed 1n contrast to having the thrust load 52 applied to the
inner race 56 which may tend to move the race 56 along the
shaft 22 and change the spacing. Thus, retaining ring 5
positions the inner race 56 and 1solates the inner race 56 from
the thrust load 52.

The groove 64 includes a wall 66 that i1s substantially
perpendicular to the axis 24 of shait 22. A second wall 70
opposing the wall 66 1s at an angle oblique to the axis 24 of the

shaft 22. A groove bottom 68 interconnects the walls 66 and

70. The retaining ring 54 1s formed to include first and second
face surtaces 78 and 72 respectively. An oblique surface 74 1s
formed along an 1nner periphery of the retaining ring 54 as
shown 1n FIG. 6. Referring again to FIG. 5, when retaining
ring 34 1s positioned in the groove 64, the oblique surface 74
engages the surface 70 of the groove 64. The retaining ring 54
1s biased 1n the direction of arrows 82 and 84 to the configu-
ration shown 1n FIG. 6. When the retaining ring 54 1s mserted
in groove 64, the bias of the retaiming ring 54 causes the ring
54 to seat with the surfaces 78 and 74 of the retaining ring 54
engaged with the surfaces 66 and 70 of the groove 64, respec-
tively.

It should be noted that 1n a typical retaining ring applica-
tion, the groove would be produced with two parallel walls
spaced apart by the thickness of the retaining ring. Manufac-
turing variances in the position between the walls and the
thickness of the retaining ring may result in the retaining ring
being movable 1n the groove along the axis of the shait. Thus,
a thrust load applied to the retaining ring would displace the
retaining ring and transier the thrust load through the retain-
ing ring to an adjacent component, such as an inner race of a
bearing, for example. In the illustrative embodiment, the
tapered retaining ring 54 seats against the surfaces 66 and 70
with some variation in the position of surface 70. Once the
retaining ring 54 1s seated 1t will not move along the axis 24 of
the shatt 22. Thus, the retaining ring 54 acts as a rigid 1solator
between the thrust loaded gear 28 and the 1nner bearing race
56. The spacing of the bearing races 56 and 18 1s maintained
as designed and the thrust load 52 1s reacted to the shaft 22 and
not the bearing 14.

As can be seen 1n FIG. 6, retaining ring 34 includes a
number ol extensions 80 about the outer periphery of the
retaining ring 54. The extensions 80 provide additional sur-
face area to act against the bearing race 36 and the thrust
washer 62 without increasing the rigidity of the retaining ring,
54 when the retaining ring 54 1s deflected to be placed on the
shaft 22. The risk of damage to the retaining ring 54 1s thereby
reduced as the bending stress induced in the retaining ring 54
during installation 1s mimimized.

While the present disclosure has focused on an embodi-
ment of a shaft assembly having external components, those
of ordinary skill in the art will recognize the applicability of
the tapered retaining ring in related assemblies. For example,
a retaining ring having a tapered surface on an outer periphery
and extensions positioned on the inner periphery may be used
in an internal bore to position components and 1solate thrust
forces 1n the bore. The use of the tapered aspect of the retain-
ing ring to both position the retaining ring and permit the
retaining ring to be fully seated to act as a thrust load 1solator
provides a reduction 1n manufacturing costs, improved reli-
ability, and reduction in the cost of components by controlling
the loading of the tapered roller bearings.
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Although certain 1llustrative embodiments have been
described 1n detail above, variations and modifications exist
within the scope and spirit of this disclosure as described and
as defined 1n the following claims.

The invention claimed 1s:

1. An assembly comprising

a shaft defimng a longitudinal axis and a tapered groove
that includes a first surface generally perpendicular to
the longitudinal axis of the shait and a second surface
opposing the first surface, the second surface formed
oblique to the longitudinal axis of the shaft,

a first component supported on the shaft,

a second component supported on the shaft, the second
component configured such that during operation of the
assembly a force normal to the longitudinal axis of the
shaft 1s converted by the second component such that the
second component 1nduces a force having a component
parallel to the axis of the shait, and

an 1solator having first and second sides and an inner diam-
cter, the 1solator positioned in the tapered groove
between the first component and the second component
with a portion of the first side at a perimeter of the inner
diameter 1n contact with the first surface of the groove
and a portion of the second side at the perimeter of the
inner diameter in contact with the second surface of the
groove such that the force component parallel to the axis
of the shaft induced by the second component 1s trans-
terred directly to the shait by the 1solator and 1s 1solated
from the first component;

wherein the 1solator 1s removably engaged with the groove;
and

wherein the 1solator 1s biased to urge the second side of the
1solator against the second surface of the groove to fully
seat the 1solator 1n the groove.

2. The assembly of claim 1, wherein the first component
comprises a tapered roller bearing and the 1solator positions
the tapered roller bearing on the shatt.

3. The assembly of claim 2, wherein the 1solator comprises
a tapered retaining ring.

4. The assembly of claim 3, wherein the second component
comprises a helical gear.

5. The assembly of claim 4, wherein the second component
1s selectively lockable to the shaft such that the assembly
transitions between a first state wherein the second compo-
nent rotates about the shaft and a second state wherein the
second component 1s locked to the shait to rotate with the
shatt.

6. The assembly of claim 1, wherein the second component
1s selectively lockable to the shaft such that the assembly
transitions between a first state wherein the second compo-
nent rotates about the shaft and a second state wherein the
second component 1s locked to the shait and rotates with the
shaft.

7. The assembly of claim 6, wherein the 1solator comprises
a tapered retaining ring tully seated 1n the tapered groove.

8. The assembly of claim 6, wherein the assembly turther
comprises a housing, a first bearing supporting a first end of
the shaft on the housing, a second bearing supporting a sec-
ond end of the shait on the housing and the 1solator positions
one of the first and second bearings on the shatt.

9. The assembly of claim 8, wherein the 1solator comprises
a tapered retaining ring fully seated in the tapered groove.

10. An assembly comprising,

a housing,

a shaft defining a longitudinal axis and a tapered groove,

a first bearing supporting a first end of the shaft on the
housing,
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a second bearing supporting a second end of the shait on
the housing,
a helical gear supported on the shaftt, the helical gear selec-

tively lockable to the shaft such that the assembly tran-

8

13. An assembly comprising,

a housing,

a shaft defining a longitudinal axis and a tapered groove,
a first bearing supporting a first end of the shaft on the

sitions between a {first state in which the helical gear 5 housing,
rotates about the shaft and a second state 1n which the a second bearing supporting a second end of the shaft on
helical gear 1s locked to the shaft and rotates with the the housing,
s‘fhaft,, and . . . . a helical gear supported on the shait, the helical gear selec-
an 1solator having first and second sides and an inner diam- Gvely Tockabl , _
. . . . y lockable to the shaft such that the assembly tran
cter, the 1solator positioned in the tapered groove witha 1¢ Gitions hetween a first state in which the helical vear
portion of the first and second sides at the inner diameter tates about the shaft and 1 state in whi hgt“
in contact with the groove between the first bearing and ;0 13_1 esi ADOUE le Sk . p all ha SECEH Sda v LW 'Ch ¢
the helical gear such that a thrust force developed by the clical gear 1s locked 1o the shall and rotates with the
helical gear 1s transferred by the 1solator directly to the s.,ha;ft,;[ anlcll o Gret and 1 sid dan; 4
shaft and 1s 1solated by the 1solator from the first bearing; 15 ElIllfO atﬁr _ aiillig 5 atn Se;‘?nthm tes il dan HHAet I?Iln ]
wherein the 1solator comprises a tapered retaining ring; and ¢ e;:["_ ¢ lﬁfha Er 1;031 dlone 1(111 _ de alﬁf .groo? Wi t .
wherein the retaining ring defines a tapered surface con- po 1011 Ot f[h ﬁ’l an secolil tf’; 5 :i[lh gruf[lfr e e;
figured to engage a tapered surface of the groove 1n the iﬁ Cﬁnl At Wi & SHOOVE DETWLECIL LIE LISt DEATIIE dahl
shaft and the retaiming ring 1s biased to urge the tapered © e ical geal such that a thrust force devejloped by the
surfaces of the retaining ring and the tapered groove 20 helical gear 1s transterred by the 1solator directly to the

together to seat the retaining ring 1n the groove.
11. The assembly of claim 10, wherein the tapered groove

shaft and 1s 1solated by the 1solator from the first bearing;;
wherein the tapered groove defines a first surface generally

perpendicular to the longitudinal axis of the shait and a
second tapered surface opposing the first surface, the
second tapered surface formed oblique to the longitudi-
nal axis of the shatt; and

wherein the 1solator defines a tapered surface configured to
engage a tapered surface of the groove and wherein the
1solator 1s biased to urge the 1solator into the groove to
tully seat the 1solator in the groove.

defines a first surface generally perpendicular to the longitu-
dinal axis of the shait and a second tapered surface opposing
the first surface, the second tapered surface formed obliqueto 35
the longitudinal axis of the shaft.

12. The assembly of claim 11, wherein the first surface of
the groove 1s positioned such that when the 1solator 1s seated
in the groove, the first bearing 1s positioned on the shaft such
that a spacing between an inner race and an outer race of the
first bearing 1s controlled. S I
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